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ACOUSTIC TRANSDHPRpg 



The present invention relates to acoustic 
transducers. 

There are many kinds of acoustic tra„^„ 

suc transducers such as, 
for exampje, louaspeaxers. earphones. « crophon „ 
hydrophones or unaerw.ter sound generotors . Ab , 
an increase in i„t.„. t in electroacoustjo ^ 
an increasing dema„ d for acoustic transducers . ana in 
Particular to earphones which are acoustieallv couple, to 
tne human ear. whirh OV KiK^ 

which exhlbxt an invariant phase response 

ever a wide ran 9 e of arive levels. P ha5e respoMe u 
defined as the phase ch,n 9 . h. t _„ the tran5duoer oytput 
at the aiaphra^ ana the applied si 3 „ai , 9ainst 

aooustie transducers aiso exhibit solitude response 
•*«*. » sound producing aooust . c traMducers> is 

sosna pressure level that the arive unit in the transauoer 
can derate when a arive v„!ta 9 e is , PPlied to it 
*re 9 ue„ev. However, acoustic transaucers exhibit a causal 
reiationship between the phase response ana the shape of 

the amplitude response, in earohon., , 

earphones, for example, the 
amplitude response is not alwavs d i™^n 

ys dl tectly proportional to 
the electrical arive level.- that is, the earphones ao not 
exhibit an invariant amplitude response shape. T „e non- 
linear amplitude response of earphones „ particularly 
evident at low fluencies and hi 9 h drive levels . nd 
usually gi ves rise t» sonsiderabie di^ lon when ^ 
conditions prevail* . 
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It is an object of the present invention to provide an 
acoustic transducer having an invariant phase response and 
an invariant amplitude response shape. 

A ccordin g i y . the- ^ provided an acoustic transducer 
for use in a bulk of a fluid medium, the transducer 
comprising a housing defining a cavity containing the 
medium, a drive unit mounted in the housing, and vent means 
providing a lea, path, for venting the fluid medium ^ 
th e cavi ty , dimensioned for maintaining a substantially 
Xaminar flow of the fluid medium through the vent means 
^oughout the wooing of the drive unit such that 

the amplitude response shape and the phase response of the 
transducer are substantially invariant throughout the 

working range of the drive unit. 

* *i ~~ » further cavity containing the 
The housing may define a furtner c 

a h* s a wall common to both cavities and the 
fluid medium and has a wail 

arive onit is »ountea on the -all =» M on to both cities. 

Tne vent »e.ns «y P ~via. . l-« Path fro- either one 
or hoth of the cavities to the hoi, of the fluid -ai- « 
My pr oviae a lea, path between the two oavitiee o. any 

combination thereof* 

The vent means may be located on the wall of the 

housing common to both cavities. 

The vent means may comprise a plurality of holes. 
The vent means may comprise o sinsle hole containing 
fibrous material to provide a plurality of lea* ***** 
through the vent means. ' . * 
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The fibrous material may comprise wool, sintered 
glass, metal, or plastics material. 

The vent means may comprise a plurality of holes 
etched in a plate of photosensitive material. 

The photosensitive material may comprise glass. 

The holes may be formed in a distributed manner around 
the housing defining the cavity or close together at a 
particular location of the cavity. 

The acoustic transducer may comprise a loudspeaker 
earphone, microphone, hydrophone, or underwater sound 
generators. 

The present invention will no „ te described , by „ ay of 
ex.-ple, with reference to the accenpanying drawings „ 
which: 

Figure 1 illustrates a graph showing the amplitude 
response of an earphone of known design and the effect of 
Providing a vent hole from the front cavity to either the 
bulk of the fluid or the rear cavity when fluid flow is 
laminar in an earphone; 

Figure 2 illustrates a graph showing an example of the 
amplitude responses of an earphone of known design at 
various drive levels; 

Figure 3 illustrates a graph showing an example of the 
Phase response of an earphone of known design at various 
drive levels; and 

Figures 4 ana 5 illustrate a schematic „.„- SMionu 
v»ew Of an earphone in accordance with the pres.nt 
invention. 
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Bafarrinc, to «9» «* «■ ta - m *° Pr0,,iae " ^ 
hol e in aithar «- «~* Ca ' ity ° £ 

— — °* «- an increaBe " r 

hol s si,, causin, . ascrsasa in tha sensitivity of the 

earphone to - — — — ' *» ^ 
^ - - lea* hole si,e — «~ » — 

wU l cause the low frequency response of the «—.»"=« » . 
ohan,e fro. that — in response * to tha* shown in 

re sponSe »- - — f ~ ^ " 

to alio- for a-biant pressure changas. 

From Figure 2 it oan ba saen that tha earphone aoes 
„ot erhibi* an invariant a,pl— shapa as <*e 

aapli-aa response at low frequencies with an applxea a ™ 
Jel of 4V aiffers fro* that obtaineC for eppl~a arxv. 

l«,als of *v, IV ana 2V. 

me Urn frequency phasa response of an aarphona 
aetar-nmaa by tha acoustic lea* in tha aarphona cavitias. 
» particular laah hola size is reguirea to achieve a 
aasiraa low frequency phasa «^ hat this aasiraa phase 
respon se will only ba invariant for ariva levels up to a 
cartain critioal valua, as shown in Figaro 3. 

herring to Figures 4 a„a 5. an acoustic transaucar 
in the for. of an aarphona 2 copses a housing which 
iorro5 m earshell 4. Tha earshell 4 an. . cusuion . fzzea 

, thereof such that when the 
peripherally at the open ■»"» 

o - bv a user the earshell 4, in conjunction 

earphone 2 is worn by a user 
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with a partition 8 define, . *, 

aermes a front cavity 10 and a rear 

cavity 12. A drive unit 14 is bunted on ^ q 
and may be connected to a drive level signal source. 

The earshell 4 is provided with vent means which, in 
the en.bodi.ent shown in Figure 4 comprises a plurality of 
holes 16, and in the o£ Pigure 5 comprises a 

hole 18 containing a plug 20 of fibrous material. 

The vent means provides a leakage path for fluid 
medium contained within the front cavity 10 to a bulk of 
the fluid which surrounds the exterior of the earshell 4. 

When an electrical signal is applied to the drive unit 
14 a diaphragm (not shown) is caused to vibrate at a 
frequency corresponding to the electrical signal. The 
vibration of the diaphragm causes sound to be generated i„ 
the fluid medium contained in the front and rear cavities 
10 and 12. The sound generated i„ the front cavity 30 will 
cause a pressure difference between the fluid medium in the 
front cavity 10, and tt . bulk of the ^ 

to the earshell 4 which produces a flow of the fl uid mediun 
through the holes 16 or 18. 

in developing the earphone of the present invention it 
was determined that in known earphone designs the fluid 
flow through the leak hole is laminar at low a rive levels 
but at higher drive levels the fluid flow becomes 
turbulent, resulting in a greater impe dance to the flow of 
fluid through the leak hole and a variant phase response 
f ° r ea ^ hone < the phase response change, with 



BNSOOCID: <EP 



0232096A2 J_> 



6- 



0232096 



ari ve level when the fluid flow in the leak hole is 
turbulent. 

The earphone of the present invention, es shown in 
Figures 4 and 5 has the vent means dimensioned to permit 
substantially laminar flow of the fluid medium from the 
front cavity 10 through the hole* 16 and 18 throughout the 
.orbing range of the drive unit 14, that ia , up to the 
maximum drive level of the drive unit 14. Hence, the 
earphone Z =a» be designed to have a teguired lo- frequency 
amplitude response shape and an invariant ph.- response up 
<o the highest sound pressure level that the earphone can 
generate. 

This i. achieved hy replacing the single leak bole in 
Xnown designs with vent means in the form of a plurality of 
hoies that are either longer in effective length than the 
single leak hole or have smaller radii, or hoth. This 
permits the flow of fluid medium to remain substantially 
iaminar with a larger pressure difference across the holes. 
The vent means may be fabricated either by providing a 
plurality of holes 16 in the earshell, as shown in Figure 
, OT by the use of a single hole 18 containing a plug 20 
of material which ailows a multiplicity of long thin fluid 
paths to be formed in the single hole 18 as shown im figure 
5. suitable materials for the plug 20 are, for example, 
wool, glass or wire wool, sintered glass, metal or plastics 
material. alternatively the holes may he fabricated by 
etching holes in a photosensitive materia!. ~=» » 
which may form a panel in the earshell 4. 
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mdividual holes may be drilled in . a lstributea 
-anner in the earshell , or in a 

of the eaKhell a „a dl „„ enc types of ^^^^ ^ 
inserted into the holes to torn, the plugs 20 . 

-or any oylinaricai hole sise and sound pressure 
fundamental rluid rlow theory „.y te appliea to ^ 
whether the flow of the £ l uid ^ through ^ ^ _ 
» ls„inar or turhul.nt vio tha use Q£ ^ 
Laminar flow occurs if 



^yP— Reynolds' Number .... (i , 
4T ^ 2 L {a constant) 1 ' 

where r is the radius of the hole 

P is the pressure difference across the hole 
i\ i3 the viscosity of the fluid medium 

L is the length of the hole 
f> is the density of the fluid 



and 



Pro. Heynolds. Condition it can he seen that the flow 
of a fluid through a hole „ ila * lMn „ up ^ , higher 
Pressure difference if the hole „ ^ o£ ^ 
« ha. a seller radius or both. The Mimm value f „ 
elation ,i, above is when fluid £1 o» starts to occur 
through the hole where the value for the pressure 
aifference p is lar g est. „ ReynoIae , _ aitio „ „ 

»ith this pressure value it can be determined whether or 
not the fluid flow ln any hole wlu be turbulent 
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If it is determined that, for given parameters, the 
flow of fluid in the hole is turbulent, the dimension of 
the hole can be changed either to be longer in length, or 
have a smaller radius, or both, such that laminar flow of 
the fluid in the hole is maintained - 

However, as a result of changing the dimensions of the 
hole to satisfy Reynolds' Condition the volume rate of the 
fluid medium leaking from the cavity will be reduced, 
resulting in a different phase response. 

The volume rate of the fluid flow (V) through a 
cylindrical hole obeys Poiseui lie's Law, whereby 



V = rl£__ • • 



where the letters represent the same parameters as those 
used in equation <i>. Therefore, it can be seen from 
equation (ii) that to maintain the same fluid throughput 
more holes can be used which are either longer in length or 
have smaller radii or both. 

By applying equations (i) and (ii) above the holes can 
be designed to have dimensions which provide the earphone 
with a phase response which is invariant up to the maximum 
drive level of the drive unit in the earphone as laminar 
flow of the fluid medium from the cavity 10 through the 
holes 16 or 18 can be maintained up to the maximum sound 
pressure level that the earphone is able to generate. 
It is important to realise that, as an earphone 
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utilisi„ g this inventlOT wlll exMMl ^ . nvariant ^ 

reSPOnSe a " d '"Ponse shape throughout lt s 

worKing range, the distortion produced by the earphone at 
low frequencies win be ^ ^ ^ 

earphones, current earphone designs eshibit amplitude 
responses which are drive &pena „ t „ t high ^ 

levels, that is. noB linear beb ^ ^ ^ ^ ^ 

hxgh levels of distortion. 

Although the present invention has ^ n ^ 
reference to a particular embodiment, it is to be 
understood that edifications can he , Kectea ^ 

-ope of the invention. Por e„a Pl e. the present invention 
may compris. .„ y type of d|rlve Mt ln ^ 

acoustic transducer which has only a front or rear cavity 
and where fluid leafcs can he introduced. furthermore, 
although the vent means has been shom con „ ecting ^ 
»edi„„ wfthin the front cavity to the hulK of the fluid 
medium surrounding the e.rsh.n. the h o les Corml „ 9 ^ ^ 
means may connect either the front or re „ cavities or 
both the front or „« c „ ities oc ^ ^ ^ ^ ^ ^ 

medio*, or any combination. Moreover acoustic transducers 
according to the present invention may comprise 
loudspeakers, earphones, microphones, hydrophone, and 
underwater sound generators. 
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CLAIHS 



! An acoustic transducer for use in a bul* of a fluid 
«ai-. the transducer comprisiug a housing aefinin 9 a 
cavit, ,12. containing the fluid median,, a drive unit 
,141 mounted in the housing, and vent means (16. IS) 
providing a leaK path, for venting the fluid medium fro, 
th e cavity, characterised in that the vent means ,16. 18) 
is dimensioned for maintaining a suhstanti.il, laminar flow 
of the fluid medium through the vent means 116. 18) 
throughout the wording range of the drive unit ,14) such 
that the amplitude response shape and the phase response of 
th e transducer are substantially invariant throughout the 
working range of the drive unit. 

2 An acoustic transducer according to claim 1 
cher.cteri.ed in that the housing defines first and further 
cavities ,10. 12. containing the fluid medium and the dr.ve 
unit (14) is mounted on a wall (»> common to both 
cavities (10, 12). 

3 s„ acoustic transducer according to claim 2 
characterised in that the vent means ,16. 18. is arranged 
to provide a leak path from either one or both of the 
cavities ,10. 12. to the buir of the fluid medium. 
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4. An acoustic transducer according to claim 2 
characterised in that the vent means (16, 18) is arranged 
to provide a leak path between the first and the further 
cavities (10, 12) . 

5. An acoustic transducer according to claim 4 
characterised in that the vent means (16, 18) is arranged 
in the wall (8) of the housing common to both cavities 
(10, 12). 

6. An acoustic transducer according to any one of claims 
1 to 5 characterised in that the vent means (16) comprises 
a plurality of holes dimensioned for maintaining a 
substantially laminar flow of the fluid medium 
therethrough . 

7. An acoustic transducer according to any one of claims 
1 to 5 characterised in that the vent means (18) comprises 
a single hole (18) containing a fibrous material (20) to 
provide a plurality of leak paths through the vent means 
(18) arranged for maintaining a substantially laminar flow 
of the fluid medium therethrough. 

8. An acoustic transducer according to claim 7 
characterised in that the fibrous material (20) comprises 
wool. 
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9. An acoustic transducer according to claim 7 
characterised in that the fibrous material (20) comprises 
sintered glass, metal or plastics material. 

10. An acoustic transducer according to claim 6 
characterised in that the vent means (16) comprises a plate 
of photosensitive material having a plurality of holes 
etched therein. 

11. An acoustic transducer according to claim 10 
characterised in that the photosensitive materiel comprise* 

glass- 

12. An acoustic transducer according to claim 6 
characterised in that the plurality of holes are formed in 
a distributed manner arouna the housing. 
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Fig. 5. 



